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NjynOHAL ADVISOEr COMtEETIEE FOE -KEBONAlJCrCS 



EEEBOT CP KEVET HOEEB OF OHE I3LTI14AI[E SHEEINffiEH 
HBVELOEED BY 2ilS-T AHD ALCIAD 75S-I SBEET 

HI iNCOMPiEm DiAQOiLa:. teshsioit 

By L. Boss Levin and David H. Helscn 

Strength tests vare amde of a miriber of OkS-T and .Mclad 75S-T 
aiuminum-alloy shear vets to determine iiie effect of rivet or "bolt 
holes oii the shear strength • Data vere ©"btained for ve"bs vhich 
approached a candition of pure shear stress as well as for vel)S 
vlth veil-developed diagonal tension.. Bie rivet factor, (pitch 
jninus diameter) divided "by pitch, vas varied from approaimately 
0.81 to 0.62. OSiese tests indicated laiat the shear stresses on 
the gposs section vere nearly constant for all values of taie 
rivet factor investigated if the other properties of the ve"b 
•were not changed. 



UnEODtJCHQK 



The strength of a shear ve"b is sometimes ccanputed on Hie 
asstamption that failure vill take place when iJie shear stress 
on the net section "between rivet or holt holes reaches the ultimte 
shear stress of the imterial. This practice is aaialagous to Hxe 
method used for con^juting the strenffHi of tension meinbors with 
holes ^ ©zcept that many of the li^t alloys used in aircraft stanicturos 
are Jsnovnx to eihov sfeess- concentration effects of holes at ultimate 
load. Uiese effects mist ho talcen. into account when concputing 
the strength of tension nemberB. Similar stress-concentration 
effects may he expected in shear wets. Another difficiaty involved 
in computing tiie strength of shear wehs is tiiat no really satis- 
factory method of deteimlnlng the ultimata shear stress of a 
thin ^eet has Tseon devised. 
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Secaiiee of these difficulties the most expedient method of 
Cteteircilniiig the alloi;fable stress for shear ■'-abs vith rivet or 
"bolb holes is hy direct tests on shear veho faatened with rivets 
oi^ "bolts end subjected to p^^re shear locd., while the ratio of 
titch to diameter is varied to evaluate tho combined effect of 
reduction in section and stress concentration arovnd holes. 
The stiffening of tho vebs should also be varied in order to 
determine the effect of changing from the nearly cheer-resistant 
veb (failure occurs ooou after buckling takes place) to the 
partly diagonal -tension web (feiilure occut^s l^iig after bualcling 
takes place) . Tlie reirults of such teetF. mr^ds on end 
Alclad 75S-^r aluminum-alloy sheets ai*e £;ivon iioroin. 



SYJiBOLS 

/■D-d net aroa along line of holo3 \ 

Cr. rivet factor i or ~ ■ ■ ■ ] 

\ P cross area along lire of holes^^ 

L length along one side of sheai* pcnel betwen comer 

bolts, inches 

P load required to fall panel^ tips 

d diameter of rivot or bolt holes, Inchen 

p pitch of rivet or bolt holes in one row, inches 

t thickness of sheet. Inches 

o^^^ ultimate tensile stress, ksi 

^pei-f . ultimate tensile stress on net section of perforated 
twneile specimen, ksi 

T shear stress on wob, ksi 

Tg shear stress on gross section of wb, ksi 

shear stress oh not section of web betwen rivet holes, ksi 

Tg average measured gross shear stress at failure for one 

type of specimen, kyi 

Tuit ultimate shear stress of material, ksi 
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TESS SEECIMEMB At© iECXJEDUBE 



The teet specimens tised in ttie present investigation vere 
made from. ZkS-T or Alclad 75S-T aluminum alloy of 0.040-incii 
tMckness. Ixi order to ha-ve epeciinens fail at different stages 
of incanplete diagonal tension some speciiaenB were tested as flat 
sheets vithout stiffeners; these specimens gave fairl^'- vell- 
developed diagonal tension. The other specimens^ tested with 
closely spEu^ed stiffeners (fig» l)> approached a condition of pisre 
shear stress. Most of the specimens^ which had an effectlTe lang;th 

of 51^ inches and an effective width of 5 inches^ were tested in 

the rectangiilar fi*ame shown in figure A few of the speciioens 
were panels 10 inches sg.uare and vrere tested in the square frame 
shown in figure 3. The specimens were fastened into the square 
and rectangular frames with one or two rows of holts which were 
tight fits in the holes. All hut two of the tests in the 
rectangular frame were made with washers under the heads of the 
"bolts; those two were ma<ie with the heads of the holts hearing directly 
on tho sheet. The. testa in the sq_i;iare frame wei^e made with the sheet 
between the angles and eLLso with the sheet on the outside of the ang3.es 
eo that the holt heads were hearing directly on the sheet. 

In all tests the pitch of the holes was 1 inch and the hole 
die^ters^ used to ohtain a variation in pitch-to-'diameter ra.tio^ 
were 3/16, l/k, ^Jl6,saaSL 3/8 inch. 

The test specimens were cut firom sevearal different sheets 
of material. Ultimate tensile streng:ths of each sheet of material 
were determined from the following groups of control specimens: 

(a) T^ro standard tensile specimens cut parallel to 

the grain 

(h) Two standard tensile speolnens cut perpendicular 
to the grain 

(c) Two perforated tensile specimens cut parallel to 
the grain for each size of hole used in the shear wehs 
(eight specimens) 

(d) Two perforated tensile specimeaas cut perpendicular 
to the grain for each size of hole used in the shear wehs 
(eight specimens) 



Tho perforated tensile Bpeolmens mentioned imder (c) end (d) 
•were strips with a vidth equal to the pitch the holes in "che 
shear vehe and wiwh a ho3.e in the middle of each corresponding 
to one of the sizes used in the shear vehs. These perforated 
specimens were used to evaluate the stress -concentration effects 
at ultimate load under simple tension loading. 



TEBT EESULTS 



The shear stress at failm-^e was compiated for tbth the gross 
section end the net section along the line of holes end reduced 
to the minimum guaranteed properties of the material. The shear 
etress at failure on the gi'css section of each speciauen tested 
in the rectangular fjreme was computed "by 



For the specimens tested in the square fresae trf-th diagonal loading 
the f ormi-ila for shear stress on the gross section becoiaes 

0.707P 

^ = -IT (^) 



The shear stress at failure on the net setition along tl* line of 
holes was ctxiputed for each specimen hy 

In order to maice posaihle a ccmperison of specimens cut from 
different sheets of tho sazne material, all ehoaa^ strezscB ccmputed 
by foraiulaa (l), (2), and (3) were reduced to the minimum gusranteed 
pro'perbies of the material as given in references 1 and ^ .j. .- . ■ 
toi: ksi for 2i|S-T alviminum alloy and 71- ksi^Tor'^Sla^f^G-T oiuminiiDi 
alloy) . This reduction was made by multiplying the valr.es obtained 
from formiaas (l), (:.), and (3) by 6i/a^^. for tte-T aluminum 

alloy and 7T /c,^^ for /J.clad 75S-T aluminum alloy, where c^^^ 

is the actual ultimate tensile stress of a particular sheet 
obtained from standar^d tensile specimens cut perpendicular to the 
grain of the sheet, standard tensile specimens cut perpendicular 
to the grain were used to obtain cr,^^ because reference 1 etautes 
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that a speclindn cut £1*0111 -Qie sheet in suDy dlrectlori Shall possess 
the certain ra^nimm guaranteed properties given in this reference 
paper. For the standard cross-grain speclrnsns, ^^-cj^ "w^s generally 
from 2.2 to 3-^ percent less than for Mie standard wi-tii-grain 
speciioens* (See tatle 1.) 

The reduced values of T and t^^ are shown in figures h and 5 
from which, apparently, Tg is nearly constant while decreases 

as increases. Figures k and 5 show the average values of 

gross Efltiear stress at f ailux'e Tg^^ for the wehs with edges olflErped 

between a heavy plate and stiff washers or hetwerai two heavy plates . 
The value of Tg^^ was 36^.9 tal for the stiffened Alclad 75S-!r wehs, 

31.9 IsBi for the unstiffened Alolad 75S-T wehs, 3O.3 ksi for iiie 
stiffened 2i*S-T wehs, and 25.3 ksi for the unstiffened 2kS-T wehs. 
The individual values of Tg in any group did not vary more than 
9 percent from these vsiues of '^'g^^ and most of the panels fell 

within 5 percent of the average. Figure 6 shows these variations 

between t., and individual values of t for the webs with 
€5av S 

edges claaoaped between a heavy plate and sldf f washers » 

Gfeble 1 gives the ultimte stresses for the net section of 
the perforated tensile specimens as well as for the standard tensile 
specimens • This table also gives the stress-concentration factors 
^ult/^perf perforated specimens, inhere cf^^ is the 

average ultimate stress of two standard tensile specimens and 
^•gevf ultimate tensile stress on the net section of a 

perforated specimen cut in the same direotioa as ihe standard 
specimens* Inspection of table 1 indicates a slight tendency 
for cr 3^ to decrease as CLp Increases. 



Discassiau of oest eesdibs 



Tn aircraft structures the shear stress t on the gross 

section of a shear web is sometimes computed by formula (IJ f and 
the shear stress T^^ on the net section along the rivet or bolt 

line, by dividing by as indicated by formula (3)* 

Failure is assumed to occur in a sia?aigjit line along the center line 
of the holes when T^^ becomes equal to the allowable shear stress 
of the material. This allowable stress is assumed to be independOTtt 
of changes in the pitch -to-diameter 3?atio of the holes- The 
present tests, however, seem to indicate that this method is not 
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correct, ^These tests shew that failure tends to "be in a zigzag 
line betveen holes rather then in a straigLt line. The tests 
else indioaiie that the shear stresses on the net section t 

n 

at failiire vere not constant as usvially assuned hut decreased 
as Cr* increased . 

Var iations in sheer stress at failure >- Fi£;ares k and 5 
end tahle 1 indicate that the decrease in at failure 

as increased vas large comparod vith the decrease in 

^porf "^^^^ te3isile specimens. CcQuputations shovred that for 

shear wehs with approximately e^ual to O.Sl, 

failure was froan 20 to 30 percent less than for the sheaa* vc-'bs 

vith Cri ap^jQToxlmately e(3.ual to Tahle 1 indicatos that 

the stress-concentration factor ^^-^/^-pc^rt v-cjL'ii«d frcm 1.033 
to 1.088 for the Alclad 75S-T alitaaimm alloy and irarx l.Okk to 
1.20^ for 2itS-T- alumimm alloy as varied fr-osm O.SOO to 

0.6o6- These facts, then, indicate that the veriaticn in T^^ 
can he pai*tly accounted for "by tho stress -concentration effects 
noted in tho tension tests* 

Part of the decrease in at failttro as increased may 

have been "because large hearing stresses as veil as large shear 
stroBsos were at the same point on the od^o of a hole in the 
shear wehs; -whereas, no hearing stresses ^rore aroiuid the edge 
of a hole in the perforated tensile specimens. These hearing 
stressoe increased as increasodj apparcntl^^, this increase 

in hearing stress decreased tho ability of the sheet to c&rry 
shear stress. The data available are insufficient to detc3nninc 
the exact interaction effects. 

G ross shear stresses at failure t- figures k and 5 ahov that 
Tr. is alm>st constant over the range of C^. frcan about O.8I 
to about 0.62. Tho average values of gross shofj:* stress at 
failure Tg^^^ ore given for shear vcbs vith tho edges clamped 

between two heav^^ plates or between a heavy plate and stiff 
crashers. These vcli^cs of Tg^^, however, should be used orily 

for tho range of values cover^jd in tho present tests. As 

Cr continues to decrease, Tj^ will becoms nearly conetant becatiee 
it is approaching a maximum value somewhat loss than for tho 

material; when this value is reached, t*, vill no longer bo constant 

but will decrease at about the same rate as 0^ (the ratio of net 
area along tho line of holes to gross area along th© line of holes) 
decreases . 
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Effect of method of attachment on aheac atresses *- The average 
gross shear stresses shown In figures k- and 5 ere the reffult of 
tests on specimens vith the heavy attachment plate of the 
rectangular frame on one side of the veh and stiff washers on 
the other. Two tests were also mode with the sheet clamped hetween 
the faces of the heavy angles In the sgtiare frame shown in 
figiire 3* The results of both methods are shown in figure 5 
no apparent difference is noted in the shear strength ohtained 
hy the two methods of fastening- Two teste were laade in each 
frame vith the heads of the "bolts hearing directly on the sheet 
of the specimens^ which were duplicates of those apecinieiis that 
hadh-oavy plates on hotb. sides or a heavy plato art ceo side, 
and stiff washers under the heads of holts. The results of these 
tests are also shown in figure 5- When the hedds of the holts 
were hearing directly on the sheet the shear strength was 
apparently lower than when the sheet was clamped between a heavy 
plate and stiff trashers or between t^ro heavy plates- The shear 
strength obtained when the bolt heads were bearing directly on 
the sheet was about 11 percent less than when the eclges were 
well supported on both sides . Previous tests described in i ef erence 3 
Indicated that specimens which were riveted to one side of a plate 
without washers under the heads of the rivets woijild have a strength 
about 15 percent lees than the STirength of a similar specimen bolted 
cfr riveted between heavy plates. 

Two factors may contribute to this difference in strength 
between webs that are clamped between a heavy plate and washers 
end webs that are fastened to a plate on one side but have the heads 
of the bolts or rivets bearing directly on the opposite side of 
the sheet. When the web is tightly clamped between a plate 
and washers or between two plates, friction may transmit some of 
the load and reduce the stress before reaching the net section 
along the rivet line. In the present tests, however, the bolts 
were drawn Just tight enough to make certain that the parts were 
<arawn together so that very little opportunity eiisted for any load 
to be" transmitted in friction- The parts are usually clamped more 
tightly than they aore in these tests; therefore, if eny load is 
transmitted in friction, the present tests are probably conservative - 
Anothor explanation for the difference in strength may be that when 
the web is fastened to a plate or angle with only the head of 
a rivet or bolt for support on the opposite side, the buj^klea which 
develop m the sheet extend very close to the edges of the holes, 
"When this buckling occurs there is a local increase in stress 
caused by the folds as well as by the reduction in net section 
along the rivet line . When the sheet is supported on both sides 
the buckles do not extend very close to the holes j therefore, no 
local increase in stress from this source is added to the local 
increase In stress caused by the reduction in the net section along 
the line of holes. 
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ITuTtibe r of rows of rivets req.iilreti > - Figijires h and 5 Ehow 
tli&t inT)Ouh ancL in iU.clad 75^-^ ^*56 no oc^nsl stent 

difference was noted in sti*ength "between the s^pecinens fastened 
vith one and two rows of "bolts foTovalues of C-^ from 0*71^ 
to 0.62, For Cr of about 0.8l(^--in. holec"^^ hotrever, the 

2^^S~T specimens with one ra\r of "bolts consistently cairied 
eanaller loads than the specimena -vriLth t\ro rows of "boltt. No 

toatt3 wbro made on Ale lad 753-1? we"ba with ono row of ^-^ inch "bolts. 

The hearing etreeses on the 2kS-T panels with one raw of -inch 

16 

holes exceeded the allovmhle hearing streseesj on all others the 
heejring stresses TOre helow the allowable valxies (reference k) . 
If one row of bolts is sufficient to reduce the beaj:*in(j stresses 
belo*v7 the allowable velucs £:iven in reference then^ "ohe 
addition of the second row in an attempt to decrease the bearing 
sbi"'esees at each hole appears to have very little or no effect on 
the Gtreii^th of the Joint- Of course, if one row of riveos does 
not furnish sufficient shear strength in the rivets then the 
addition of a second row wovld increase the sti'encth o?? the Joinc, 



COHCL"USIOJIS 



Strength tests were made of shear webs of 2kS-T arid Alclad 7^S-T 
alumintim alloy to determine the effect ctf rivet or bolt- holes on 
the allowable shear stroes of these materials. In order to obtain 
data on specimens that failed at different stages of inccsnplete 
diagonal tension, one type of specimen - a flat sheet Trf.thout 
stifftaners - gave well -developed diagonal tentdonj the other 
tyoe of specimen - a flat sheet with closely spaced stiffonorc - 
approached a condition of pure shear stress. The rivet factor C^^, 

(pitch minus diameter) divided by pitch, was varied fi^coa about 
0.81 to about 0.62 by using a constant pitch and chejigirjg the 
siae of tl:e holes. These eheat* web tests indicated that: 

1. The shear stresses on the gross section at failure were 
almost constant for all vfJLues of 0^^ invent icai^ed ii' thw other 
properties of the web were not changed. 

2. For webs with the edges clamped between two heavy plates 
and stiff washers, the average shear stresc on the gross section 

at failure was 36.9 ksi for the stiffened Alclad 75S-T webs, 31.9 ksi 
for the unstiffened Aided 75S-T webs, 30.3 ksi for the stiffened 
2l|-S-T webs, and 25-8 ksi for the unstiffened iltS-T webs. 
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3 . Iflhen the we^bs were fastened -with, a heavy plate along one 
eide vltii the heads of tha rivets or "bolts "beai'lTag directly on 
the sheet on the ojrposite side, the shear sbrengbh of the wehs was 
ahout 11 percent less then -when tlie edges -were veil supported on 
hoth sides. 
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1. Anon.: Federal Specification for Alraiiniaai-Alloy (AL-£:4), 
(Alnminxaa-Copper-MagnoBitim (I.5 percent) - Manganoee); 
Plates, Sheets, and Strips. Federal Standard Etock 
Catalog, Sec, IV, (pt.5) QQ-A-355a, Kov- 28, 19^1. 

2* Anon.? AiT^-ITavy Aeronautical Specification, Aluminum Alloy, 

Clad (AL-:375C^); Sheet and Strip. AN-A-lOa, Dec. llf, 19if3- 

5. Euhn, Paiil: Ultimate Stresses Developed ty 2k3-T Sheet in 
Inccanplete Diagonal Tension. MACA TN Ho. 833 j 19^1 • 

k» Anon.s Strength of Aircraft Elements ■ iUSC-S>, Army -Wavy -Civil 

Committee on Aircraft Design Criteria, Eevieed cd.. Doc, 19^2; 
/anendment 1, Oct. 22, 19^3- 
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TffWBTTiK SS^ESKSSES 0? C0S3IB0L SEEX)IMmS 



Specimen 


ITcDlnal 


Ket area 


tfperf 
(ksi) 




Specimen 


Seminal 


ITet area 


•'perf 
(ksl) 




diameter 
(la.) 


C&:oss areaf 
Cr 




diameter 
(in.) 


Gross area' 
Cr 


•'perf 


SkS-JE Bbaefe 1 


With grain 
(©tat " TL.62) 


Cross grain 
(©Bit = 70.07) 


1 
2 
3 
k 
5 
6 
7 
8 


3A6 
3/16 

lA 
5/16 

3/8 


0.832 
.792 
.753 
.750 
.682 
.672 
.€13 
.632 


59.6 
6b.5 
3.2 
6b.3 
6b.7 
63.8 
6I4..7 
6b.8 


1.202 
1.110 
1.133 
1.131 
1.106 
1.122 
1.106 
1.10b 


25 
26 
27 
28 

29 
30 
31 
32 


3/16 
3/16 

lA 
5/16 

3/8 


0.803 
.798 
.7b8 
.752 
.679 
,676 
.606 
.613 


60.b 
61.9 
fiL.l 
60.3 
60.7 
61.2 
6L.7 
6b.3 


1.1» 
1.13^ 
l.lb8 
l.l6iS 
1.155 
l.lb5 
1.136 
1.089 


2l|S-X Sheet 2 


Vlth grain 


Cross grain 

(omt ■ ®.6o) 


9 

10 
11 
12 
13 
Ik 
15 
16 


3/16 
3/16 

l/b 
3/8 


0.800 
.813 
.751 
.752 
.688 
.691 
.625 
,6Sh 


63.7 
63.9 
67.0 
67.0 
66.5 
66.6 
68.0 
68.8 


1.1S8 
1.12b 
1.072 
1.072 
1.080 
1.079 
1.056 
l.Obb 


33 
3b 
35 
36 
37 
38 
39 
bo 


3/lf 

lA 
5/16 

3/8 


0.80a 
.79b 
.7bb 
.7b5 
.681 
.636 
.626 
.621 


62.1 
63.0 
63.b 
63.9 

e.9 

6b.5 
65.x 
66.2 


1.121 
1.103 
1.097 
1.088 
1.055 
1.078 
1.069 
1.051 


Alclad. 75S-I sheet 


With grain 

("tat • 8i.3ifr) 


Cross grain 

("lat " 78.56) 


17 
18 
19 

20 
21 
22 

23 
2b 


3/16 
3/16 

lA 
5/16 

3/8 


0.&8 
.798 
.739 

,767 , 
.682 ^ 
.^77 
.618 
,&& 


Tlt.S 
78.2 
78.3 
75.0 
77.1 
77.1^ 
77.3 
76.3 


1.088 
1.039 
1.038 
1.083 
1.055 
1.051 
1.052 
1.06b 


bl 

b2 
b3 
bb 
b5 
b6 
b7 
b8 


3/16 
3/16 

lA 
3/8 


0.807 
.802 
.752 
.7bb 
.682 
.690 
.620 
.&b 


75.3 
7b.3 
73.2 
7b.7 
75.2 
73.8 
75.5 
7b.7 


1.0b3 
1.068 
1.073 
1.05a 
1.0b5 
1.06b 
l.obl 
1.052 
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Figure 1 Stiffened 5hear web. Sheet thickness, Q040 Inch . 
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Two rows of holes 
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5ec-hion A-A 




on both s/d€s 



Flexure R&ctanqular frame . 
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^Filler used when sheet Is on 
\ outside of angles 
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Section A-A 
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fc) Unstiffenad shear webs. 
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M Stiffened shear webs. 

Figure 4.- Urtimate aheor stresses on Afcod 7S5T webs. All stresses re&xsd to mirmjm ^joronteed 
pftperties. Web thickness, 0.040 ixti . 
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HStrffened shear webs. 

Figure 5- Ultimate shear stresses on 24S'T webs. All stresses reduced 1d minimum guaranteed 
properties . Web thfckness ,0.040 inch . 
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(d) Unst iff ened 245-T webs . 



Figure 6.- Variations of individual qross s^ear stresses from average measured 

gross shear stress for shear webs with edges supported on both sides. 
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